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PART I-INTRODUCTION 

PFIOWCT: Epoetin alfa [ PROCRIT and EPOGEN]. There are no product changes in 
connection with this supplement. , 

SPONSOR: AMGEN Incorp. . 

INDICATIONS: The data/information provided will supportchangcs in the labeling of Epoetin alfa for 
gomtion ofancmia and reduction of blood transfusion reauircmcm in the following clinical 

situations: 

I. pediatric chronic renal disease (CRF) patients on dialysis 

2. pediutric CRF patients not on dialysis 

3. pediatric cancer patients who have rcccivcd chemotherapy 

4. HIV-infected pediatric patients with anemia secondary to zidovudinc-treatment 

BACKGROUND AND RATIONALE: Epoietin alfa was approved for correction of anemia in adults 
with chronic renal failure (CRF) in 1989 on the basis of ils abili(v to increuse hematocriUhemoglobin IO II 
rat-gel level and maintain lhe increase over time as well as decreased needfor red blood cell transfirsion 
support. Liccnsurc was supported by data indicating improvements in quality of lift. Labcling for Epoctin 

alfa specifically prccludcs its USC for correction of scvcre anemia or use in emcrgcncy situations. Since 

I 989. numerous reports of off-label use of crythropoietin in children have suggcstcd Epoctin has 

companblc activity and safety to that in adults. The estimated number of new casts of chronic renal 

discasc in children is one per 100.000 population /year (U.S.) or an cstimatcd 24,000 new casts a year. 

It has been obscrvcd that the anemia associated with CRF in the pediatric age group is more scvcrc than in 

adults having the same dcgrce of renal discasc ( rcfcrcnccd to Mullcr-Wcifcl. DE, Scigallla , P.. Contrib 

Ncphrol. I988;66:7 l-84). The anemia and the need for rcpcatcd blood transfusions is a factor in the 

children‘s physical impairments and poses medical problems. Frequent blood transfusions may result in 

serious indirect complications. Thcsc include: a) iron overload; b) febrile and hcmolytic reactions to 

Icukagglutinins; c) cytotoxic HLA antibodies which could compromise and limit later renal transplants. In 

addition transfusions post risks in transmission of infectious agents including HIV, CMV. hepatitis C. 

It has been speculated that there arc differences in response to crythropoictin between children rccciving 
diffcrcnt modes of dialysis. In a rcvicw of pediatric renal failure, endogenous Erythropoictin concentrations 

wcrc 24.6f 2. I. and 4 I .6f5.6 and hcmatocrits wcrc 22.2f. and 25.2f 0.8, in hcmodialysis and pcritoncal 

dialysis patients rcspcctivcly ( rcfcrcnccd to Mullcr-Wcifcl, DE, Scigallla , P. Contrib Ncphrol. 

I988;66:7 I-84). Thcsc data were in children who had not reccivcd exogenous Epoctin therapy. 

The prcscnt supplemental application supports changes in Epoetin alfa labeling for pediatric use. The 

changes in labeling arc supported by 4 clinical trials at nineteen sites, by published medical litcraturc and 

by analysts of post marketing safety data (see Sources of Data/Information below). 

SOURCES OF DATA/INFORMATION: 

Sponsor submitted data: The major source of data was the initial sponsor application of 45 volumes 

submitted Dcccmbcr 3 I. 1996 , log # L97000070. An outline of its organization is shown in the table 

labclcd . ORGANIZATION OF THE APPLICATION BY SECTION AND VOLUME. Data tablcs/!igurcs 

wcrc available from a number ofsourccs which included the Final Study Report (FSR) [ Section IO]; the 

Summary of Efficacy (SOE) [Section 3.3 and attachments] and the lntegratcd Safety Summary found in 

Section 3.4 and attachments -volumes I and 2. Thcrc arc minor discrepancies bctwecn the SOE and FSR 

attributable to the fact that additional information became available only after the FSR had been complctcd. 

The SOE and lntcgratcd Safety Summary scrvcd as the main but not exclusive source for the Rcviewcr 
report . 

.x 
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Additional material submitted by sponsor at CBER request: 

l Log number # L9700488 I , March 17. 1997, one volume, sponsor proposed revisions in 

-_- Package insert on computer discs 

l Log number L97005974, April I, 1997, one volume, information on completeness of 

computer starch litcratur& rcvicw 

l Log number L97006095. April 4. 1997, one volume, data on patient- i) list of verbatim terms 

rcportcd as “ myalgia” (Prcfcrrcd term ) ; ii) years of patient exposure to Epoctin alfa 

STUDIES AND OTHER REVIEWED MATERIAL: Data from four prospective sponsor-conducted 

clinical trials support pediatric liccnsurc for the first indication. that is, correction of anemia in children 

with CRF on dialysis. The first two of these trials. EPO-8702 and EPO-8905 showed safety and activity in 

small, pilot studies (n=5 and IO subjects). They wcrc followed by EPO-9002, a larger (n= I 13). double 

blinded. placebo-controlled study in pediatric CRF patients undergoing dialysis. At termination of EPO- 

9002. 74 of I I3 subjects patients wcrc cntcred into a long term maintenance study. EPO- 91 18. 

Rclcvant data on subject number, dialysis type. experimental design and study duration arc shown in table 

below. 

A litcnturc rcvicw supports pediatric liccnsurc for the first indication ( source-section 3.5, vol. 3). 

A litcraturc rcvicw supports pediatric licensurc for the 2nd. 3rd ,4th indications (source-section 3.6, vol. 3). 

Additional safety data from 2 I pediatric subjects is provided by I 

- (source-vol. 44, appendix 3.6C) 

Additional reports of postmarkcting AE in pediatric patients is provided from both AMGEN an1 - 

(source- vol. 44. appendix 3.6D). 

PROPOSED LABELING: The new labcling submitted by sponsor is found in cnclosurc I. CBER will 

rcvisc the above further. Special conccm to CBER revicwcrs arc : 

I. Page volume l/9 makes the statement that, ” The pharmokinctic profile of EPOGEN/PROCRIT in 

children and adolcsccnts appears to bc similar to that of adults”. Pharm.mox. rcvicw by Dr. Green will 
cvaluntc this statement. 

FOUR SPONSOR CONDUCTED STUDIES 

EPO-8702: Trcatmcnt of Patients Undergoing Continuous Ambulatory Dialysis /Continuous 

Cycling Pcritoncal Dialysis with Rccomblnant Human Erythropoictin by Subcutaneous 

Administration (n=5). 

EPO-8905: A. Double blind. Placebo-controlled Study of Recombinant Human Erythropoictin 

in Pediatric Dialysis Patients (n= IO). 

EPO-9002: A Phase 3. Double-blind. Placebo-controlled study of EPOGENO (Epoctin alfa) in 

Pediatric Dialysis Patients (n= I 13). 

..- 

EPO-9 I 18: Long-term Maintcnancc Trcatmcnt of Chronic Pediatric Dialysis Patients with 

Recombinant Human Erythropoictin (Epoctin atfa) (EPOGENO) ( n= 74). 



5 

Expcrimcntal 

Design 

Single arm. 

pilot study 

Two arin. 
pItIC& 

controlled. 

randomized 

Two arm. 

placebo 

controlled. 

double blinded. 

randomized 

Single arm of 

sut+cts from 

9002 on 

maintcnancc 

l 74 patients crossed over from EPO-9002 to EPO- 9 I 18 l * Both studies were administratively tcrminatcd 
ca~!y and not all subjects complctcd the full cxpcrimcntal program 

PD is peritoneal dialysis; HD is hcmodialysis 
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ORGANIZATION OF THE APPLICATION BY SECTION AND VOLUME 

G&cral information, rationale, and introduction to study 

Study Report of cflicacy in pediatric CRF patients on dialysis plus Attachments 

(supporting tables. figures and iists) 
Study Report of intcgratcd safety data including postmarkcting reports, 

attachments , supporting tables, figures & lists 

Litcraturc review supporting indication for pediatric patients on dialysis- 61 papers 

Litcraturc review supporting indication for correction of anemia associated with 

ziduvudinc USC. cancer and in CRF patients not on dialysis - 42 papers 

Antibodies to crythropocitin in patient scra 

Pharmocokinctics for pediatric CRF patients on dialysis 

List rcfcrcnces for sections 3.4 and 3.6 (n= 103) 

Clinical Study Report for EPO- 9002. plus tables and figures 

Clinical Study Report for EPO- 9002 

Study protocol starting 8/29/90. amended & dated 3123193 

Cast Report forms 

Serious AE reports , CRFs and autopsy report patient 0104 

Various tables and tigurcs 

Clinical Study Report for EPO- 9002 incl. statistical analysts 

List of AE patient by patient 

Clinical Study Report for EPO- 9002 

By patient plot of weekly dose. hct. and AE over time 

By patient plot of systolic & diastolic B.P. over time 

By patient plot of Tf. fcrritin. & Fc supplcmcnt over time 

Clinical Study Report for EPO- 9002-Investigator Comment Log 

Clinical Study Report for EPO- 9002- Nutrition studies 

Clinical Study Rcpott for EPO- 9002-Cognitive function and Bone Age 

Clinical Study Rdport for EPO-91 I8 

Clinical Study Rcpott for EPO-8905 

Clinical Study Report for EPO-8702 

Data listings for pediatric CRF patients on dialysis 

Patient ID codes for pediatric CRF patients on dialysis 

Postmarkcting cxpcricnce for pediatric CRF patients on dialysis 

Sponsor-prcparcd abstracts of literature for pediatric CRF patients on dialysis 

Full articles/abstracts supporting pediatric CRF patients on dialysis 

Post marketing cxpcricnce listings and CIOMS forms 
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I. STUDY DESIGN . 

Overview: Study EPO-9002 is the major study supporting use of Epoctin in pediatric patients with 

chronic renal disease. It was a I 13 patient, multi-institutional, two arm study (EPOETIN arm and 

CONTROL arm) with I6 listed sit& Principal Investigators. 

ExDerimental design: Following enrollment. patients wcrc randomized in approximately equal 

numbers to each arm. The first I2 week period was double blinded ; after that point the rcmaindcr of the 

study was open label. Stratification was by site and within the sites by method of dialysis (hemodialysis 

vs. peritoneal dialysis) and by ages 0-<5.5-c 15. I5-Cl8 creating six stratification cohorts in each ccntcr. 

48 

The study arms wcrc divided into I2 week or multiples of I2 week phases- as outlined in the above 

schematic. The first phase was weeks I- I2 weeks of the study in both arms and was rcfcrrcd to as the 

double-blind phase. During the double blind phase EPOETIN arm subjects wcrc titrated with Epoctin 

while the CONTROL arm subjects rcccivcd a placebo. At end of week 12. the CONTROL arm was crossed 

over to Epoctin titration using the .samc dosing rules applied to the EPOETIN arm, while EPOETIN arm 

patients started a Epoetin maintcnancc phase to last 24 weeks. At week 36 the EPOETIN arm subjects went 

off-study. The CONTROL arm complctcd Epoctin titration at end of week 24 and began the 24 week 

maintcnancc phase. At week 48 the CONTROL arm subjects went off study. 

Planned analvses: Titration and maintcnancc phases were non- concurrent (set schematic above) to 

permit a comparison for treatment cffcct of Epoctin titration vs. placebo treatment during the first I2 

weeks. The USC of crossover to Epoctin titration and the non-concurrent maintcnancc phases insured that all 

I I3 patients in both arms rcccived full titration and maintcnancc courses of Epoetin and pcrmittcd analysis 

of all patients for responses to Epoctin therapy. Four primary endpoints which wcrc analyzed at three 

critical timcpoints.. 

rv efficacv endpqlILtf:-comparison Epoctin vs. placebo arms during double blind phase 

- for fraction of subjects in each arm attaining target hcmatocrit* 

- for mean hcmatocrit lcvcl 

- for mean numbc. of tnnsfusions/paticnt weeks of study 

and for maintcnancc dose of Epoctin for maintcnancc phase of study arms 

Critical efficacv timeoointf: 

-end of first I2 week “double blind” phase at which time the EPOETIN and CONTROL 

arms could bc compared for trcatmcnt cffcct 

- end of Epoctin dose titration after each group had rcccivcd I2 weeks of Epoctin 
of Epoctin ( EPOETIN arm week 12; CONTROL arm week 24) 

- End of maintcnancc phase comparison after each group had rcccivcd 24 weeks of 

maintcnnncc Epoctin (EPOETIN arm week 36; CONTROL arm week 4X) 

l Targcfhcmatocrit was attainment of 30-36”/a target hcmatocrit or incrcasc of 6% hcmatocrit 

points nbovc basclinc at any pomt during the I2 week Epoctin titration period. 
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Secondarv endDoints included transfusion indcpendcncc; Epoctin alfa dose nccdcd to achieve 

_targct lcvcl in U/kg/week; rate of hcmatocrit rise in points /week; cognitive function; growth 

asscssmcnt and sexual devclopmcnt; strum fcrritin. transfcrrin saturation; dose of supplemental 

iron nccdcd; blood pressure; s&urn chemistry dctcrminations. and others -see list under efficacy. 

Safety endpoints included incidcncc of AE; laboratory chemistry and hematology abnormalities; 

vital signs including blood prcssurc. 

Statistical analvses: Continuous variables with a normal distribution wcrc analyzed by paired t tests; 

if the distribution was not normal a non-parametric test was used. Dichotomous data wcrc compared using 

Chi Square testing or Fisher’s Exact test. Stratified data analysis and comparison of fraction of patients in 

each arm to attain the target hct cmploycd the Cochran-Mantel-Hacnszcl analysis. The majority of 

secondary endpoints wcrc dcscriptivc and wcrc not analyzed statistically. 

J’ower estimates made in original orotocol; Estimates ofthc power for the four ctiicacy endpoints 

wcrc as follows. By the end of the double blind period, 90% of EPOETIN arm patients as compared to IO% 

of CONTROL arm subjects would attain the target level demonstrating the trcatmcnt effect. Twelve to I6 

patients per group/am would provide a significance lcvcl of 0.01 to 0.005 and power of 0.9 to 0.99. The 

same numbers of patients would bc adcquatc to show a significant diffcrcncc of 6 hcmatocrit % points 

bctwccn HD EPOETIN and HD CONTROL groups at the same significance lcvcl and power. It was 

cstimatcd that 20 patients per group/arm would be nccdcd to show a diffcrcnce of one transfusion 

IpaticntImonth between the two study groups during the first I2 week period (0.0 I significance Icvcl. power 

0.9). Power calculations assumed a high dropout rate and projcctcd that 50 patients per group/arm wcrc 

nccdcd tc meet all primary endpoints. 

It was anticipated that at the end of the Epoctin titration phase thcrc would bc a positive trcatmcnt cffcct 

( incrcasc of hcmatocrit lo target lcvcl and lesscncd need for transfusion) present in both arms. A grcatcr 

than 2 hcmatocrit point diffcrencc bctwccn groups was vicwcd as clinically significant. With 30 patients 

per group. a 2 % or > diffcrcncc in hcmatocrit could bc dctcctcd at 0.01 lcvcl of significance with 90% 

power assuming the hcmatocrit at the end of 12 weeks was 27% or higher. 

Limit4 rises in hcmatocrit wcrc cxpcctcd during the maintcnancc phase. At the end of the maintcnancc 

phase a similar trcatmcnt cffcct in each arm was anticipated ( incrcasc of hcmatocrit to target lcvcl and 

lcsscncd need for transfusion). To show that the diffcrcncc bctwccn arms was no grcatcr than 3 hct points, 

it was cstimatcd that 30 patients wcrc nccdcd ( significance lcvci of 0.01, power of 90%). 

Studv subiccts: All subjects wcrc children with CRF less than 18 years ofagc at time ofstudy entry 

who wcrc currently on cithcr hcmodialysis (HD) or pcritoncal dialysis(PD). Prc-transfusion hcmatocrits on 

at least two occasions had to bc less than or equal to 27?6. If transfcrrin saturation was c than 20%. the 

patient rcccivcd a course of parcntcral iron 30 days prior to study entry. individuals who had rcccivcd prior 

Erythropoictin trcatmcnt or other investigational agents/drugs wcrc cxcludcd . 

Do si n IL : During the double blind phase (first I;! weeks). both hcmodialysis and pcritoncal dialysis 
patients in the EPOETIN group rcccivcd a dose of 150 Units/kg per week given T.I.W. Pcritoncal dialysis 

patient rcccivcd subcutaneous (SC) injections of E 

Epoctin by the intravenous route. The dose could 

alfa while hcmodialysis patients wcrc given 

until week 16 but could bc rcduccd bcforc 

then using diffcrcnt adjustment stratcgics for HD PD pnticnts as follows: For HD patients. when 

hcmatocrit rcachcd 33% or > on two consccutivc mcasurcmcnts or the rate of rise was Z= than Z%/wcck for 

two weeks. the dose was lowcrcd by 10 Units/kg maintaining the T.I.W. dose schcdulc- allowing 2 week 

‘iiitcrvals bctwccn dose reductions. PD patients under the same circumstances had the 50 Units/kg dose 

rcduccd to BlLV&d then to once a week- if ncccssary. 
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The CONTROL arm received a placebo preparation during the double blind phase which contained only 

the cxcipicnt 0.25% albumin in isotonic saline and sodium citrate buffcrcd solution. The placebo solution 

wasnon-pyrogcnic , sterile , clear, colorless and particle-free and identical to the vchiclc used for 

commercial Epoctin. 

During the maintenance phase the goal was to achieve a stable hematocrit between 30-36%. If the 

hcmatocrit rose above 36% the dose was rcduccd by IO Units/kg in HD subjects or by elimination of one 

of the weekly doses in the PD patients. The dose could be incrcascd aRer 16 weeks of Epoctin therapy had 

been complctcd ( week 4 of maintcnancc phase) to bring the patient into the 30-36% hct dose range as 

follows: PD patients who were rccciving less than T.I.W. injections would have the number of SC 

injections incrcascd to T.I.W. and then the dose would be incrcascd by IO Units/kg. HD patients would have 

doses incrcascd by IO Units/kg . Two week intervals would bc maintained bctwccn adjustments. 

. . 
ru: The experimental schedule and tests are listed in the study calendar -see enclosure 2. 

Routine studies included history and physical examination, chest ray, complete blood count and differential. 

strum iron Icvcl, transfcrrin saturation, platelet and rcticulocyte determination, and clinical chemistry 

including coagulation studies. More special&d testing included nutrition asscssmcnt, evaluation of 

endocrine status, gonadal tests. bone age dctcrminations , and cognitive function tests (see secondary 

cficacy endpoints). Etythropoeitin antibody dctcrminations were pcrformcd at intervals (see calcndar- 

cnclosurc 2). Safety data and data needed for various secondary endpoints including advcrsc cvcnts. number 

of transfusions of blood, number of days of hospitalization, changes in dialysis strategy and concomitant 

medications wcrc recorded. Quality of lift issues including growth assessment. nutritional status, thyroid 

function, cognitive and quality of life testing were analyzed separately using a battcry of tests. 

Concomitant medications wcrc pctmittcd at the discretion of the physician; the only cxccptions wcrc other 

in?cstigational agents. and immunosupprcssivcs/ androgcns for hcmodialysis patients. If during the study 

the patients transfcrrin saturation fell to c 30%. patients rcccivcd oral iron supplcmcntation at a dose l-2 

mg/kg and parcntcral iron if oral supplcmcntation failed. 

Blood prcssurc was closely monitored. It was rccommcndcd that the dose of Epoctin alfa bc dccrcascd if the 

hct incrcasc cxcccded 4% in a 2 week period. 

2. CONDUCT OF THE STUDY 

Dismsition of Datients: I I3 patients wcrc random&d; 55 to the EPOETIN arm and 58 to the 

CONTROL arm. 102 patients complctcd the double blind phase of the study ( I I discontinuations); 64 

patients complctcd the full study (49 discontinuations). The major reasons for discontinuation/failure to 

‘complctc full course of study wcrc renal transplantation (n= 18) and the administrative decision to 

tcrminatc the study early- in August 1993 (n= 15). 

During the double blind phase ( first I2 weeks of study) thcrc were I I discontinuations; 3 in the 

EPOETIN arm and 8 in the CONTROL ARM. In the 3 discontinuations from the EPOETIN arm, 2 

subjects wcrc transplanted with kidneys and one died. In the CONTROL arm, one patient had intolcrablc 

AE ( hypcrtcnsion and siczurcs). one patient was noncompliant (family problems), one patient was 

transplanted. and four patients rcquestcd withdnwal - two so they could receive open- label Epoctin. one due 

to change of modality of dialysis and one due to discomfort from rcpcated injections. Information was not 

available on one subject. 

The reasons for the 49 discontinuations during the maintcnancc phase arc shown in the second table below. 
.- 
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Thcrc was a higher number of discontinuations among patients in the CONTROL arm. A large fraction of 

thcsc were accounted for by renal transplants and patient withdrawal. The difference was consistent with a 

Icsssatisfadtory quality of life of CONTROL vs. the EPOETIN arms. 

EPOETIN atm 

(HD, PD) 

16 (7. 9) 

0 

5 (3. 2) 

7 (3. 4) 
0 

1 (0. 1) 

1 (0, 1) 

l (0, 1) 
0 

1 (1 0) 

Channeslamendments to Orieinal orotocol: Thcrc were four amcndmcnts to protocol; the first two 

wcrc limited and without conscqucnccs to study. The third rcplaccd eligibility criteria on page 7kcction 

4. I .3 and treatment on page 23kcction 9. I .9 as follows. Entry criteria was changed to transfcrrin saturation 

(> 20% ) alone rather than both tnnsfcrrin saturation and strum fcrritin. The same alteration in criteria was 

made for initiation of parcntcml iron therapy. The fourth amcndmcnt changed entry criteria from < 1000 IO 

< 2000 ANC /mm’. 
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3. _J$ESULTS - BASELINE DEMOGRAPHIC/CLINICAL FEATURES: EPOETIN and 

CONTROL arms and HD and PD groups had similar characteristics. Approximately one half of the 

patients wcrc hypcrtcnsivc and on medications for blood prcssurc control. Age data is given in section 5. 

54 ” 

The figures rrdcate the % of positive subjects in the column category. 
All figures were rounded off the ncarcst whole nur icr. For age. scx and race catcgorics ( categories arc 

lrstcd vertically and scparatcd by black lines ) the columns add up to 100%. For other catcgorics thcrc is 

overlap of discasc or medical problems and “/o is > 100%. 

(Sources - volume 4. tables 4. I; 5. I ; 5.3; and 5.4 ) 

Concurrent medications: Tables in section IO. I ( source- appendix E 13-l) wcrc rcvicwcd. Thcrc wcrc 

no substantial diffcrcnccs in concurrent mcdrcations during the study. 

.- 
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4. KFFICACY RESULTS- PRIMARY ENI)P<)INTS: 

At tltr-end of the double blind phase there~ was a sharp difference between the arms 

with respect to attainment of target hct, mean hematocrit level, and number of 

tratrsfusions/patierrt indicating a significant treatment effect. 

In contrast, at the end of the titration phase when both arms had been exposed to 

etythropoeitin ( EPOETIN arm week I2 and CONTROL arm week 24) there were 

comparable increments above the starting baseline. The two arms were approxinratel~ 

equal with respect to attainment of target hematocrit, mean hcmatocrit, number of 
trattsfusintrs//patient and fraction of subjects who were transfusion independent. 

At the end of maintenance phase the doses were comparable in both arms and 

hematocrit was increased-above-the-starting-level in almost all subjects. Individual 

endpoints are discussed in detail hclon~. 

Statistical analysis of Drinlarv rndDoillts: I‘llc tahlc b&w outlines the four prospcclivcly tlclincd 

endpoints. ‘I‘lic mujor statistical analysts Ibr cflicacy wcrc comparisons bctwccn lhc two arms for 

signi licant di Ikrcnccs - using the lirsl three of lhcsc cntlpoints. namely. atlainmcnt of target hcniatocrit. 

nican ‘!b hcniatocril and mean nunihcr ol’transfusions/paticnt/rour weeks. Attainmcnl of targcl hcmatocrit 

wils calculntctl as the % patients achieving succcdack of success with a “success” cvcnt countddc a~ ilny 

time during the double blind phase. Mean hcmatocnt comparisons wcrc at end ol’thc double blind phase 

!avcrugc ol’J;lsl Ihrcc hcmatocrit values tahcn during Iilst week of double blind phase) as was thr numhcr of 

imtfiliislons per patient/ over last Ibur wccl pcriotl ( sourcc- appendix C’. I, (‘2 and (‘3 in volume 7). 

CRIER statistical rrvirw of these data frrl1.v axrer with the the sponsors corrclrrsiorrs - 

esscrttiall~* that there wrre hi~hl_,~ .\ipnljicant diff?rerrccs as a direct result of the 

treatment elfect (set statisticians rrpnrt). In addition to rrpeatirrK the calculatinn.~ 

using thr prosprctivrly declared endpoints a number of’ other .factors were cnrtsidcrcd 

h.s 
. 

l 

. 

. 

(‘RER. 

The attairrmrnt of tarxct hrnratocrit had srrinus limitations as a direct mra.surc (!f 

treatnrrrrt effect since urtcnrt~rnred observations of “.~ucccss ” were possible as a 

rrsult of RRC trarrsftr.siorrs or laboratory error or variation (see discussion helow 

and under CONCISE Sl!MM.4R 13. CRER rranalyxd the same data usinK an 

iiicrca.~r of henratncrit 6 !% or > as the snlr endpoint. A time to event arra!j*uir 

was prrformed. The results cntrtirrrrr to support a significant treatment s[fect of 

IYpoetirr in increa.sin~ the hematocrit ( see Statistical Reviewer’s Report). 

Mean hcmatocrit was calculated at the end of the double blind period both /iv the 

srthpopulatinn with full I2 week data (EPOETIN arm 51 subjects and CONTROI. 

orm S2 subjects ) and for all patients with last value carried forward : results wrrr 

similar (see Statistical Reviewer’s report). 

The secondary endpoint of transflision independence was considered important 

and included in rvaluatinrr of thr primaty endpoints in evaluating treatment cffrct. 

It was c~nrrsistrnt with a significant treatment rffcect for Epoetin. 

The prospectivr endpoint of mean hematocrit comparison of the arms was viewrd 

a.\ _ since the hasclitics for the arms were similar. However the actual change in 

each arm- as detrrmined by thr diffrrcncr 

vulrrc- and ha.srlinc valur- 

between the end-of double-blind St&b 

designated 

wa.s considrrcd to havr advarrta~cs over the prospectil*r[y 

- choice of comparing: rnd phase values. CRER analysis cnrpln~itlg 
dranp O/ Iicmatocrit showed a significant treatment effect (see Statistical _ - 
Revicwrr ‘s -report). 

. . 



SUMMARY OF FOUR PRIMARY ENDPOINTS and STATISTICAL ANALYSIS 
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CHER 

Statistical 

Analvsis 

Confirmed 

using sanic test 

MEAN %MEMATKRiT ’ 
.?’ .: ::,. .:;. i‘,: : : .’ .: : :-:. . . . . ..: . . . . . : 

at basetine ..y,:. :. :.c ‘. ..:,_ 22.0+3.s ,. 
;,: 2psti .~:~:,;i;~:-::::.. 

. ; : .\ ::... : 
:: .:.y . . :.j:. : ,,. . : 

at d of double blind pllasq .,. . . 
,. ,. .: .‘. .‘,. :. 

,, .,’ ::‘j .: . ? . . . . . r_: ‘; .:,,, :,, 
at end &o& titr&iuti &ax +,,.,. :. 

,’ . :: 

dun& Epuctin maintcnancc phase 

MEAN NUMBER TRANSFUSIONS 
IPATIENT/ FOUR WEEKS : 

I..... 
at baseline 

‘. ..,. 

3 I .s+s.9 

31.5 

29-32.5 

.‘.~;.:‘,.: ,:., :; . . . . 
; ~~_32,$,:;::i;~i:,;‘: 
.’ : ,>:.::.,.~2 ‘. :.. >.‘. 

:.. .,. .,..’ ,, .I 
,’ :. ,...,. j. ,:..::: ..::. .,.,. :,.. 
: ‘.... ., ;_..:::., .‘:: ,,’ 
., :v.; . ...:.:.‘,; 
. ,....: ‘: .,‘:‘.., :. . ., .; .,y .,.. :, ,‘;.C.’ 

0.44 
I: :.& ‘I:.:;:.‘,-:;.::: 

. . . . ,: .“‘:,.:‘, .,. ‘. ::;_.;‘,.:‘i’ ‘. : . . . . ., :.:.,.. i’ .,.), . . )ji::_. 

Dnla diffcrcd hul 

not enough to 

alter results 

at end double blind phase 0.2 1 
:‘.o,io ‘: :;T:‘;‘;;<.. Wilcoxon rank 

Onta difiiircd hi11 
‘,,p,::,+” ,. ..F.. . . . ..‘. sun1 ad ~~11 . :I; :.,.. :.,+ llld cllw~ll to 

.,, . . .:.:..: ..;:. 
.g .:: . . ..: ,, . . . . . . . .: . ..\.. ,:.:.. .. 

wcrc both 
alter results 

:’ :‘T 
:.:.: 

-.:.,;.y: :.:; ‘:,pi’,.;. 
:.. ‘:.: . . :,:: ,.,. :.:.:.I’.,. ,;::;::,;;; g,:.;;;- .(, p=O.Ol or < 

‘. .:I,. ::: .::::::::: .:‘.:, . ..‘.. .‘:;;,:,‘~,:,y.,: .:.,. ,. .,...:: .\.... 
a! end Epoetin titration phase s;Inic as o_g f.:;; ~qjijij.‘,:ii 

: ,... ,. atnwc 
. . . ., : .: .;:. ,:.: 

.:.: ‘. 
.: . . .:., j::,j, :ily:i::: 

,.,.,,.,. :.,.: .. ,;.,: .::,:... ,:.I’. . . . . .,.. > :.::, 

at end Ep&in tna~h+znkce phsise 0.0s 
,’ O.&Z: .., :,;I’:; ;ii;i$y: 

:.:...:,. . :,,,: .:.,: >,“:,’ 7 ’ :. .,“:j.:,> “: ,:,. . : ,:, 

MEAN MAINTENANCE DOSE II9 U/kg 137 U&,i.i’i:i:;::;z;:. Not anal yzcd Not analyzctl 

( maintenance pbaso) . . ‘,.: .; ; .I,, .,‘I ,y ~:ii:~Ec’il~:iif: 
‘.‘. .:, :,: ;: ::..: ‘: . . . . . . ::..::‘:::::... ^, ., . . 

‘Target hcmatocrit was a hct hctwccn 30-M” ,n or a rtsc of > 6% over the basclinc hct at any time during 

the first I2 weeks (douhlc blind phase) of study. ’ Thcrc wcrc 57 cvaluablc subjects rather than SX cnrollcd 

p;u~cnts; pal&n. - in CONTROL arm lachcd hasclinc and interval hcmatocrit values. The end of 

&hlc hltnd phase was week I2 for both amis; the end of Epoctin titration phase was week I2 for 

I:I’OfVIN arm aic6wcck 24 for C’ONTROI. arm: the end of f!poctin maintcnancc phase was week 36 for 

lil’Ol!TIN arm and week 4% for CONTROl. aml. 
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AttaSne‘nt of tareet hematocrit: During the double blind phase a statistically significant higher 

fraction of EPOETIN arm sub_jccts attained the targcl hcmatocrit( EPOETIN arm 96%. CONTROL arm 

58%). As anticipntcd when the CONTROL group was crossed over and titrated with Epoctin a comparable 

fraction of patients rcachcd the target hcmatocrit. When the data from the two study groups arc combined for 

attainment of target hcmatocrit by end of Epoctin titration (EPOETIN arm week I2 + CONTROL arm 

week 24). 91% or 96/l OS of children attained the target hcmatocrit. 

The surprisingly high fraction of CONTROL arm patients (n= 331 57) who reached 

target levels at the end of week 12. before thqv received Epoetin, requires comment. 

Mean hematocrit levels of the CONTROL group did not increase during the double 

blind phase. Several factors account for th i ‘on. istency 

/RBC tran.~fusinns/per patient given to 
&J&&J_ 

Firstly, the number of 
th group during the first I2 weeks, 

was higher , namely 1.3 (3.0 IfD and 0 PD) EPOETIN arm vs. 3.4 (4.1 HD and 2.8 

PD) CONTROL arm artificially elrvating the hematorrit above the target level in 

many casts and registering a subject as having reached the targer level . Attainment 

of the target hematocrit was deftned as positive if it occurred at any time during the 

12 weeks even when it was on the basis of transient elevations attributable to 

tran~fusinns or lo laboratory variations. When the graphed week by week hcmatocrit 

and transftrsion levels for each patient were examined (source-volume 26. appendix 

FI). most CONTROL patients who reached target hematocrit did so transient[y and 

failed to maintain a consistent level nor show the incremental rise characteristic of 

Epoetin- treated subjects. In contrast the EPOETIN group showed a pattern of gradual 

but sustained rise in hematocrit vs.time. 

fblcau hematocrit Icvels of the two arms: t Icmatocrit rose sharply during I:IY)f.!TlN titration. 

llascl~nc hcmalocrit values for the IJPOM‘IN and ~‘ONI‘ROL arms wcrc 22.0 ‘%I and 2 I ..S ‘5’n and incrcascd 

by 9.5 and 0.9 ‘In rcspcctivcly by end of week I2 demonstrating u trcatmcnt cffcct. When CONTROL arm 

sub,iccts wcrc crossed over and tltratcd with Epoctin for I2 weeks, hcmatocrit incrcascd by X% to 30.4 ‘!i,. 

I)uring the mainlcnancc period lhc hcnialvcrit rcmaincd al lhc hi&r Icvcl. 

C’hanrcs in transfusion reauirrments and transfusion indenendcnce: l’hc number of 

transfusions per patient dccrcascd in rcsponsc to Epoctin trcatmcnt in the Ef’OETlN arm during the double 

blind phase and in the C’ONTROL arm during Epoctin titration (weeks 12-24). Individual patients showed 

hcmatccrit rises as early as 2-4 weeks alicr lhcrapy began. 

AI b;lsclinc 65.5 and 62. I “/o of EPOETIN and C’ONTROL groups wcrc transfusion indcpcndcnt. 

fjy the end of the study 3 I/3 I C’ONTROL subjects and 37139 of EPOETIN arm sub.jccts wcrc transfusion 

indcpcndcnt. [Transfusion indcpcndcncc was dctincd as < 5 cc of whole Hood or packed red cells /kg 

patient weight in any consccutivc 4 week pcnodl. This suggested that most children will respond to 

fipoctin dcspltc diffcrcnccs in dose nccdcd and rcsponsivity. Diffcrcnccs bctwccn sut+cts trcatcd with 

difliircnt modes ol’dialysis/difTcrcnt routes of administration ( PD patients rcccivcd SC Epoctin while tID 

patients rccclvcd IV Epoctin) arc discussed next in section 5. 

The mean numhcr of transfusion.dpaticnt/four weeks. the “/o of transfusion indcpcndcnt patients. and the 

ma hcmatocrit alI imqwvcd concomtantly (see table ). 



C’ONtZOMlTANT CHANGES IN HEMATOCRIT, MEAN NUMBER OF 
TRANSFUSIONS/PATIENT, AND TRANSFUSION INDEPENDENCE SHOWN FOR 
EACH FOUR WEEK PERIOD OF STUDY 

Epoctin Epoctin Epoctin Epoctin 

Period # patients Mean # % transfusion Mean 

ending remaining transfusions indcpcndent hct 

week in study lptl4 wk (n=) 

0 55 0.44 65.5 (36) 22.0 

4 55 0.1 I x9.1 (49) 26.8 

32 1 42 1 0.02 I 97.6 (41) 1 30.6 

36 1 39 1 0.05 1 94.9 (37) I 30.7 

40-48 I I I I 

Parcnlhcscs arc M of paticnts.(Sourcc- volu~nc I. attachment 

Control Control conlrol Control 

# patients Mean # :‘o transfuston Mean hct 

remaining IransfusionsI indcpcndcnt 

in sludy pat&r/ 4uk (IF) 

S8 0.52 62.1 (36) 21.5 

0.24 x0 (40) 25.8 

29.7 

30,4 

32.3 

34 I 0.00 too 134) 71 5 

34 1 100 (34) 1 29.4 

J-12 and volume 6. appendix Is I .2.6]. 

5. EFFICACY RESULTS -CORlPARISOSS OF STRATIFICATIOS S1:BSEl.S 

1)31a liom the six stratification subsets wcrc rcvicwcd IO dctcrminc if age or mode ol‘dialysis inllucnccd 

rcsponsivity IO Epoclin. Diffcrcnccs in ~hc age dlstrihution hctwccn PD and 1411 suh.iccts m;k 

intcrprctation of any trend more diflicult (see first table hclow). Initial comparison hctucc11 stratificatm 

subsets for attainment of targcl hcmatocrit at end of Ilpoctin titration (SW second tublc below) showctl uo 

difl?rcnccs In contrast. comp;Irlson of mean hcmatocnt chmgc ( SW thlrtl table below) suggcstcd that the 

hcm;ltocril incrcascd faster In I’D 3s compared IO ti1> suttjcc~s ( see hold values for hcmatocnt in 1:poctin 

. tltratlon row in 3rd ~ahlc bclou ). I‘hc last table ( fourth and IOWCSI tilblc in this section) comparcs ch;mgc 

in hcmatocrit at four weekly intervals li)r I ID ad I'D in both arms and confirms the impression what the 

rcsponsc to Kpoctin is more rapid in the I’D as opposed to I ID suhiccts. The difl’crcnccs obscrvcd hctwccn 

I IO and PI) wcrc’ marked during [ipoctm litratIon and rcndcd IO lcsscn and disappear during the 
mnintcnancc phase. 

CBER anaipcd the diffcrrnccs hctwrcn HD and PD response In Epnetin tilratinrr usinK 

as the etrdpnint (srrcrcss) an itrcrease in hcvnarocrir of 6% nr more above the haselinc 

valuc:.succcss was plotted as time IO cvctl? arrd arta!~ted using the Log-Rank test. If 

hascline hcmatncrit was not availahlc for the first 7 days the patient was regarded as 

uncvaluahle. A hrmarncri? value which dcmnnstratcd s~~cccss had tn he cnttfirmcd on 

?hc NCX1 hmmalnrrit which either shnwed 111~ same 6% or greater increase above 

baseline arid was nn more rhan IX less than the prior hematocrit value. The ff~llnwing 

data were ohtairred. ND patients had median time to rrsporrse of 69 days in hoth arms 

n.&ile PD pa?irrr?s had median times of 26 da_rs in EPOETIN arm and 38 da_ys in 

CONTROL arm, The diffbrmce hctwcetr ItD arid PD was Irigh!y significant (WC 

Statistical R&ever’s Report). 
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AGE DISTRIBUTION IN TWO ARMS BY MODE OF DIALYSIS 
_) -- -9p‘P Bracket EPOETIN arm CONTROL arm 

baseline number brsellne number 
ITD PD - PD 

0-G iI 5 I II 
s-<IS I3 i6 I9 
IS~III II IO 1: 4 
totals 14 31 24 34 

SIX STRATIFICATION SUBSETS COMPARED FOR ATTAINMENT OF 
TARGET HEMATO,“RIT 

o-c5 
s-<IS 
15-~18 
all 
o-e5 
5-c 15 
15-~18 
all 
o-c5 
5-c 15 
15-~18 
all ages 
3.3.3 in volu 

# attain target 
hct/ 
# in arm 
end of week 24 
o/o 
8/10 
9/l 1 
17/t 1 
719 
16116 
314 
26129 
II9 
24126 
It/l5 
43150 
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(Source- Appendix ISI 2. I in volume 6 is the linal sludy rcpori rather lhan Ihc Summary ofcficacy (SOli) fmm which the 
n+rity nf inrormalion was ohiained This was dcmc to provide comparahlc inlhrmation on both study arms ( SOI lacked 
comparahlc CONTROL am, dala).) Raschnc hcl is 111~’ prc-lrcalmcnt measure closest lo lirsl dose of agcnl. The IPOI~TIN arm 
hct at G+zcks was the last availahlc mcasurcmcnt during the double hlind phase. The CONTROL arm mcasurcmcnt is the last 
availahlc IWI in IIW 24 week lrcatmcnl phase. I\l~ainmcnl of tar@ hct in lasl column refers IO prospectively dcsignatcd primary 
endpoint of incrcasc of hct equal IO or > 670 or a hct > W%. 

FOUR WEEKLY COMPARISONS OF MEAN HCT OF HD AND PD PATIENTS 

Mairttenance~fitsf12wk 
j6/28 : ‘_” :,.,:::‘~’ ..: 29.0 (20) . : . . . ...’ 
.zom? I,.::. .’ 30. I (20) : ." .h..j ..'/<.. 29,4 2. 24/36 

Maintenance -last G! wk. 
28/~$fj .. i ‘i,:,-. . ..I :: c 30.0 (17) 

;. ,: ;. :::, .,:.. .,:.i. ..I :. ,. ,. .:. . . 
:.:‘::..‘...;: .,.., :,. .: ::( :‘.’ ‘,. ___;: ,’ 1::. ,.., 

i 29.0 fl2ti:._:,‘.,‘I::;..:: 34.x (27) ;; L ;,;j:, : : 

30.9 (12)‘,;..:: . ,::: ..:, 

.Q$, @*) .,. 

33.3 (27) 
31,0 '*a&,.,,'.':~-“i?:: 32,0 27) 

;;;:3 f ,8:3'2Q).-,: I ,:' 
i,28;.j. '2d' ,. ::j;: ..-::,:, 

:.. . . . .: .:. 
:. . . . . 

I.PO/Placcbo- rcfcrs to the study week of patients on EI’OETIN arm and Placcho arm 

bpoctin doses: Thcrc was no diffcrcncc in median dose of l<poctin nccdcd to xhicvc turgct hcmatocrit 

hctwccn the 13’OETIN and CONTROL arms and hctwccn tll) and PD patients. On the other hand it is 

noted that the median maintcnancc dose for I’D patients for the last two weeks of the study was 76 

Llmts/kg per week for PD patients qs compared to 167 Units/kg/week for tlD patients. Thcrc was no 

slgnificunt diffcrcncc in the Epoctin nccdcd to reach the target hct bctwccn arms (see below) or for t1D vs. 

i’l) pntlcnts hut thcrc was ;I diffcrcncc in mamtcnancc dose. EI’O-9 I IX study of pediatric patients on 

milintcnancc Epoctin showed similar maintcnancc dose diffcrcnccs bctwccn HD and I’D children. 

MEDIAN DOSE TO ACHIE\‘E TARGET HEMATOCRIT 

AFTER EPOETIK TITRATION 

EPOETIN ARM 

CONTROL ARM 

Dose in 

Unitdkgiwcck 

iill patients 

14.3 

144 

Dose in : Dose in Units 

UnitsfkgIweck 
HD patients .’ 

/kJwcck 

PII patients 

144 ,::.. I40 . . : .;:: 
..’ 

Iti,;., :.c_.:“.-.I .: ; 142 
.,,. ,.,, “. : ;.. 

MEDIAN DOSE TO ACHIE\‘E TARGET HEMATOCRIT 
DURING MAIVTENANCE PHASE 

EPOE'TINARM 

CONTROL ARM 
---5, 

)r “’ ‘.” 

145’ .: ” ,,,... . . . . +qt’ pr ::.:;j::., ‘. 

of 167” ‘Y.. / ::,]i,~,.Q~@+ :.,::jj:i’:;ii:.::‘., -i;. 
.:: ,::.: . . . . . . . . 

.‘I.. ,,,,,. : :, ,:.:. “. 
. ‘. :’ ‘: 



’ Mean dose during entire maintenance period calculated by sponsor and found in SOE 

’ MeanTlox during last two weeks of maintenance period calculated by CBER 

6. RESULTS- SECONDARY EFFICACY AND SAFETY ENDPOINTS 
Secondary endpoints included; many wcrc quantitative. 

l Tnnsfusion indcpcndcnce 
. Epoetin alfa dose needed to achieve target level in U/kg/week 
. Rate of hct rise in points /week 

l Quality of life and Cognitive function 
. Growth assessment and sexual dcvclopmcnt 
. Endocrine function incl. thyroid 
. Fcrritin. transfcrrin saturation 
. Dose of supplcmcntal iron necdcd 
. Blood pressure 
. Strum chemistry values 
. Nutrition assessment 
. Frcqucncy and duration of hospitalization 
. Rcticulocyte count 

Safety endpoints included: 
. lncidcncc AE 
. Laboratory strum chemistries and hcmatologoy 
. Vital signs including blood prcssurc 

Transfusion indeuendew: At baseline 36155 (65.5%) of HD and 36158 (62. I%) of PD patients wcrc 

transfusion indcpcndcnt. At end of the double blind period. 92% (48/52) of EPOETIN arm subjects wcrc 

transfusion indcpcndcnt as compared to 7 I% (37152) in the CONTROL arm [xc Ila. section 4 1. The 

diffcrcncc was statistically significant. After the CONTROL arm was crossed over ( and reccivcd Epoctin) 

the percentage of transfusion indcpcndent patients in the CONTROL rose to 95% (4 l/43) comparable to 

the results in the EPOETIN arm. 

Ferritin and transferrin saturation: Transfcrrin saturation dccrcascd during the first four weeks of the 

study (mean changed from 40.8% to 2 I .O%- 26.5% f 20.0%) and then remained stable. At the end of week 

I2 the EPOETIN arm was 29.3% vs CONTROL arm 43.2% - p= CO.001. The average transfcrrin 

saturation rcmaincd above 20% for the course of the study. Fcrritin concentrations did not differ bctwccn the 

two arms. In general more PD than HD patients rcccived iron supplcmcntation. Oral supplcmctation was 

more frcqucnt than IV iron. 

coenitive testing: I I I! of I I3 patients were tcstcd at basclinc and three month intervals. Striking 

dcvclopmcntal delays wcrc prcscnt at the basclinc and pcrsistcd through the testing period. lmprovcmcnt 

was noted after 6-9 months of thcnpy. The sponsors arc forthright in indicating that results wcrc not 

dcfinitivc and interpretation required caution. No conclusions could bc drawn from the data . 

. . 
rltlon assessment: A diary was kept on three consccutivc days and the analyzed by a software 

program comparing the results with paired t test. The results showed a modest incrcasc in cncrgy intake 

( 61.7 CONTROL vs 70.0%. p= 0.069 EPOETIN-% RDA in intake) in the last I2 weeks of therapy. 

Growth and Sexual develm: Growth was mcasurcd by changes from basclinc in height, weight 
and head circumfcrcnce. No significant diffcrcnccs wcrc noted. Skclctal maturity used radiographs of the left 

hand/wrist and showed incrcasc in skclctal maturity commcnsuratc with incrcasc in chronological age but no 

accclcration or maturity to compcnsatc for the rctardcd dcvclopmcnt prcscnt in the children at start of study. 
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Sexual dcvclopmcnt was measured according to Tanner staging and rcvcaled no significant differcnccs 

between treatment groups. 
-__ .- 

Other measurements: No diffcrcnces, arc reportid for any other laboratory measurements . 

I STUDY DESIGN 

Ovcrvicw and Exocrimental dcsipn: Study EPO-91 I8 w;1s a single arm, non-randomized, uncontrolled 

study of 74 children (40 malts and 34 fcmalcs) with CRF on cithcr hcmodialysis or pcritoncal dialysis- all 

of whom had recently completed participation in study EPO-9002. The purpose of the study was to evaluate 

the safety and performance of Epoctin therapy in children for longer than the 24 weeks on maintcnancc 

thcnpy of study EPO -9002. Study duration was I2 months but patients wcrc permitted to exit . 
Stratification was by mode of dialysis ( HD or PD) and by age brackets O-G, 5-c 15. and 15-c 18. or > I8 

years. 

Studv sub&&: There wcrc 74 subjects enrolled at I3 sites. Exclusion criteria included systemic 

hcmatologic discascs and cytotoxic/ immunosuppressive therapy. 

Planned analvscs; The primary efficacy endpoints wcrc hematocrit and Epoetin alfa dose and frequency. 

Hematocrit was judged by the fraction of patients, during four week intervals, who remained within the 

target hcmatocrit range of 30-36%. Secondary endpoints included transferrin saturation and ferritin 

concentration. the fraction of patients whose transfcrrin saturation was < 20%, the number of transfusions, 

and growth and sexual development. Safety variables included AE, blood prcssurc , serum chcmistrics , 

concomitant medications. Most primary and secondary analyses were descriptive. 

vschcdulc: All patients entered the study at their current (EPO-9002) dose of Epoctin alfa. 

frequency and route of administration. PD patients received subcutaneous (SC) Epoctin alfa injections 

usually given by a parent or guardian; HD patients rcceivcd IV agent through the extracorporcal tubing 

during the last 5 minutes of dialysis. Dose adjustments were designed to stabilize hcmatocrit within target 

range of 30-36%. If HD patients required a dose reduction, dose was decreased by IO Units/kg maintaining 

the .samc frcqucncy of administration and using 2 week or greater intervals between dose reductions until 

the hcmatocrit was in the target range. Dose increases wcrc IO Unit/kg with intervals of 2 weeks. In PD 

patients dose reduction was by elimination of one doscfwcek with two week intervals between dose 

dccrcascs. lncrcascs in dose in PD patients wcrc in IO Unit/kg incrcmcnts with two week intervals. Thcrc 

was a maximum dose of 10.000 Units or 200 Units/kg for both HD and PD patients. 

pvlonitoring: The cxpcrimental schcdulc and tests arc listed on study calendar -XC enclosure 2. The schcdulc 

was similar lo EPO-9002. Routine studies included history and physical examinations. chest xny. complctc 

blood counts and diffcrcntial. strum iron Icvcls. transfcrrin saturation. platclct and reticulocytc 

dctcrminations. clinical chemistry including coagulation studies. Erythropocitin antibody dctcrminations 

wcrc pcrformcd at intervals (see calendar). Growth asscssmcnt. nutritional status, thyroid function. 

cognitive and quality of lift testing wcrc analyzed scparatcly using a battcry of tests. Safety data and 

secondary endpoint data collcctcd included advcrsc events, number of transfusions of blood, number of days 

of hospitalization, changes in dialysis strategy and concomitant medications. 

Proccdurcs: Concomitant medications wcrc pcrmittcd at the discretion of the physician; the only 

-Gccpcions wcrc other investigational agents. and immunosupprcssives/androgcns for hcmodialysis 

pnticnts. If durinpthc study the patients transfcrrin saturation fell < 30%. patients rcccived oral iron 

supplcmcntation at a dose I-2 mg/kg and parcntcnl iron if oral supplcmcntation failed. Blood prcssurc was 
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closely monitored. It was rccommcnded that the dose of Epoetin alfa bc decreased if the hcmatocrit incrcasc 

cxcecdcd 4% in a 2 week period. 
-z-_ - 

2. CONDUCT OF THE STUDY 
Patient disposition; The study duration was 12 months but was administratively tcrminatcd early by 

sponsor creating a fraction of patients whom were studied for less time; the mean duration of patient study 

was 36.9 weeks ( range 2-84 weeks). The reasons for discontinuation include 47 patients discontinued study 

bccausc of premature truncation of the cxpcrimental program; 2 I because of transplants and 6 for other 

reasons (see second table below). Thirty-three subjects discontinued participation after 6 months on 



4. RESllLTS- ENDPOINTS 

Hcmatocrit values and tarect range: For the cnlirc trcatmcnl period an ilvcragc of 5 I% of patients 

had Imxrtocrit vducs in tlxz 30-36% rangc.Thc pcrccnt of patients in the target rang at four week intervals 

is shnwn hclow. 

PATIENTS u’l7.H HEMATOCRITS IN THE TAR(;lCT RANGE 

Week Total numhcr of Percent patients in 
pticnts brwt range 

l-4 09 34.8 

S-8 7 I 42.3 

9-12 h4 42.2 

13-16 57 54.4 

17-20 43 5 i -2 

21-24 39 46.2 

25-2.a 37 45.9 

29-32 3’ 40.6 

33-36 22 37.5 

37-40 31 41.9 

41-44 20 51.7 

Results- Euortin alfa dosr and frraurncv: hlosl patients during tllc study rccci\xxl 50-200 

Iln~tdhg per ucch ~111 thr mm! cormnon (nlctl~an) tlosc hcing IX0 Units&g per week gi\,cn I’IW 

(n=4?,‘74 ). C‘liarip3 in do~tig wcrc mosr licqucnt tlurlng tlic lirst 3h wcchs of study wilh rna11> pticut~ 

changing the dew oric or more 11nics. Alicr Zh wcrks fcwcr tlosc climfcs wcrc ohscrvcd. 

Avernge monthly hernmcrit 

III) PD 

?(I.~“,, 31.9% 
(range 2Y ()“I) to 32. I’!;I) 

Median Epoctin dose range during study 
(range 28.6 to 35.5%) 

113-240 Ilnils’hg’wcck 58-117 Units’kglwcck 

Mcdinn dose of Epoctin 

during study - I74 I Intts’kdwcck 
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Results-transfusionS: Fourken or 19% ofthc 74 patients rcccived 28 transfusions- an avcragc of 2 

transfusions per transfused patient or 0.4 transfusions per patient if all patients arc considered. Transfusion 

voltllms for the 14 

(Source was volume 3 I. section 9.6.2 of study report, table D, page 38) 

Results-other enduoints: Mcan monthly transfcnin saturation range was 23.7% to 35.2% during the 

study . From 13.8% to 48.2%. of patients had transfertin saturation levels equal to or C 20%. HD patients 

generally had lower transferrin saturation; however, thcrc was no difference in the number of HD and PD 

patients who rcccived iron supplementation. 

Epoctin maintcnancc trcatmcnt was not rcportcd to have a disccmiblc cffcct on growth and dcvclopmcnt, 

sexual dcvclopmcnt. bone age or cognitive function. 

lnspcction of the EPO-9 I I8 Safe t v: The AE data arc rcvicwcd as intcgratcd data in part Ill of this report. 

safety data for cvcnts of intcrcst/conccm dots not suggest diffcrcnccs from data reported for adults and that 

data summarized in the lntcgntcd Safety Analysis. Thcsc data arc similar to previously reported incidcnccs 

of cvcnts/paticnt year ;sclcctcd figures include access infection 0.46. access complication 0.49. influenza 

like symptoms 0.36, hypertension 0.49. convulsions 0.43. 

1 .STUDY DESIGN 

Overview and exD_ desiu Study EPO-8905 was a two arm. placebo controlled, nndomizcd 

study of IO patients with CRF on hemodialysis ranging in age from 7 to I8 years . One arm rcccived 

placebo . the other Epoctin alfa IV 150 Unitslkglpcr week given TIW. Dose was adjusted to attain a target 

hcmatocrit of 32-38%. At the end of the I2 week double blind period the study was unblinded. Placebo arm 

patients wcrc then crossed over to a I2 week phase of Epoctin titration while treatment atm subjects wcrc 

placed on a maintenance schcdulc using the same 32-38% target hcmatocrit range. At 24 weeks all patients 

wcrc placed in a maintenance phase. Dose adjustment was by IO Units/kg increments or dccrcmcnts. 

Patients could remain on study for up to 2 years. 

Sttudv subiects: All study subjects wcrc children with chronic renal failure on hemodialysis for at least 

three months and?mdcr the age of I8 at time of study entry. Basclinc hcmatocrit had to bc c 30%. 
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Procedures and dosing schedule: With few cxccptions the study proccdurcs wcrc similar to EPO- 

9002. Among the diffcrcnccs wcrc the target hcmatocrit range which was 32-3X% as compared to 30-36% 

for th?FPO-9002 study; 

Monitoring: Similar to study EPO-9002-see cnclosurc 2 for study calendar. 

Endpoints and Planned analvsep: Endpoints wcrc comparative hcmatocrit values and volume of 

transfusions. 

2. CONDUCT OF THE STUDY 

Patient disDosition: 

-lzz 

wks I-12 

Unhlindcd phase 

wks 12-24 

* Discontinued hccausc of rcnill transpliuitallon 

3. RC:SUI.TS-I)~MO(;RAPHlC FEATIIRES: 

- ~ 

I’hrcc~ IO patients had glolncruloncpl~rIcls; I II IO polycys~~c kidney dis.; 61 IO other urologic prohlcms 

4. RE:SUI.l‘S-ENDPOINT. 

RET\+‘EEN <;ROl!P COMPARISONS OF HEMATOCR 

f:I’OL:TIN arm C’ONTKOL arm p value 
n hct’!n n IlCl I.0 

fsasclinc 4 21.Y 5 21.X 0.X’)‘) 

Week 4 4 24.4 5 19.6 0.00 I 

Week X 4 2X.2 5 22.4 0.03 I 

Week I: 4 29.6 5 22.Y 0.023 

~‘ITHIN GROl’P <‘OXlP, 

I 
n IlCl"" 

1:I’OIJTIN I 
Week 4 4 24.4 

Week X 4 2X.2 

Week I2 4 2Y.h 

I‘ONTKOL 

Week 4 5 19.0 

IQck X s 22.4 

Week I? 5 22.Y 

KISONS OF 

bflbrcncc 

from hasclinc 

-2.1 

0.0 

I.1 

HEMATOCRI 

~ p value 

0.066 

0.049 

0.062 

0.003 

0.705 

0.537 
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Transfusion; During the first 4 ,wccks of study l/4 EPOETIN arm and 415 CONTROL arm subjects 

wcrc transfused. During the last 4 weeks of the double blind phase none of the EPOETIN arm but all 

CONTROL arm subjects rcquircd transfusion. 

Overview and exDerimental desien: Study EPO-8702 was a single arm, non-randomized. non- 

placebo controlled study of five children with chronic renal failure receiving pcritoncal dialysis.Paticnts 

rcccivcd I50 Units/kg&r week subcutaneously TI W for I2 weeks. The target hcmatocrit of 35% or an 

increase of IO hcmatocrit % units over basclinc. 

Results: The study was a safety and tolerance study in children receiving peritoneal dialysis and a 

preliminary activity study and as such the numbers wcrc too small for statistical analysis. All tivc subjects 

rcspondcd to Epoctin therapy with incrcascs in hcmatocrit and a lcsscncd number of transfusions. Safety 

data wcrc included in the integrated safety analysis. 

1. -BACKGROUND AND METHODOLOGY FOR SAFETY REVIEW 

Sources of da@ : lntcgratcd safety data for pediatric patients on dialysis wcrc collected from the four 

clinical trials as shown below. Two analyses wcrc pcrformcd ; they arc referred to as the ” double blind 

analysis” and “all exposure analysis”. The double blind analysis” included all patients who rcccivcd at 

lcast one dose of Epoctin or placebo during the first I2 weeks of study. It was an intend- to -treat analysis 

and includes all patients including those who had less than I2 weeks of study time. The ” all cxposurc 

analysis” includes subjects who reccivcd at lcast one dose of Epoetin alfa. This amounted to 135.7 patient 

years of drug exposure. The” all cxposurc analysis” group had a smaller number of patients than the double 

blind scrics since it cxcludcd the 8 EPO-9002 subjects and one EPO-8905 subject who were nndomizcd 

to the placebo and dropped out bcforc rccciving Epoetin. Subjects first enrolled into EPO-9002 and then 

crossed over into EPO-9 I I8 maintenance studv were only counted once. 
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of Bata ; A modified dictronary ( WHO-ART) was used by medically trained Amgcn staff to 

classify lnvcstigator descriptions of AE into prcfcrrcd terms and bodv svstcms. When available 

information was insuffrcient the AE was IcA uncodcd and a verbatim description was provided. 



SUMMARY CHART OF ADVERSE EVENTS 

TYPE OF ADVERSE EVENT Column A Column B Statistical ALL 

DOUBLE DOUBLE analysis of EXPOSURE 

BLIND BLIND columns ANALYSIS 

ANALYSIS ANALYSIS A vs.B 

subjects aposed lo Epoetin Placebo Epoetin 

(n) (59) (64) (I 19) 

DEATH I 0 2 

# subj. 

WITHDRAWALS DUE TO AE 0 I 0 

# subj. 

AE by PREFERRED TERM-% subj.(n) 

in order of frequency 

hypcrtcnsion 25.4 (I 5) 17.2 (I I) p=O.28 FE 44.5 

vomiting 22.0 ( 13) 21.9 (14) p= 1.0 FE 37.0 

h&ache 22.0 ( 13) 29.7 ( 19) p= 0.41 FE 44.4 

myalgia 20.3 (12) 6.3 (4) p=O.O3 FE 29.4 
abdominal pain 20.3 (12) 25.6 (16) p=O.67 FE 38.7 

AE by BODY SYSTEM-% subj. 

gastrointestinal 67.8 59.4 p=O.35 FE 84.9 

body as whole 66. I 56.3 p=O.27 FE 79.8 

nervous system 39.0 42.2 p=O.85 FE 55.5 

skin & appcndagcs 23.7 9.4 p=O.O5 FE 47. I 
rcspintory 35.6 32.8 p=O.85 FE 60.5 

SEVERE, LIFE THREATENING & FATAL 

AE- % subj. (n) 

all cvcnts 15.3 (9) 6.3(4) na 2 I(36) 

SPECIAL CONCERN AE-% subj. (n) 

ConvulsionsGczurcs 8.5 (5) 6.3 (4) p=O.74 FE 13.3 
hypcrtcnsion 25.4 17.2 p=O.28 FE 44.5 

vast. access 

thrombosis 6.8 (4) 1.6 (I) p=O.l9 FE 15.1 
infection 20.3 ( 12) 12.5 (8) p= 0.33 FE na 
clot 8.5 (5) 12.5 (8) p=O.lO FE 1.7 
complication IO.2 (6) 6.3 (4) 

jERlOUS AE-% subj. (n) 47.5 ( n=28) 37.5(n=24) p= 0.264 

CHI 
P. c ,., ” _ _ 

ror 70 ot patients who have experienced event in each column 
some cases the number of subjects are given in parentheses. 

Only Prcfcrrcd term evcnte 5% wcrc listed; Body System events were selected either bccausc of their 

frcqucncy or possible relationship to agent based on historical cxpcricncc.FE is Fishers Exact test: CHI is 

chi square test: na is not applicable 

(Sources of AE data- by Prcferrcd term. by Body System. for Scvcrc/life- thrcatcning and fatal AE. and for 

AE of special concern arc Volume 2. attachments 3.4-S-8) 
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2. DEATHS: Thcrc wcrc two deaths during the study; both involved cardiac arrest . Neither was 

consktmd by the investigators to be related to Epcztin. Data and a clinical prccis and a summary of the 

autopsy report for patient - failed to link Epoctin to the patient death; subject - had multiple 

congenital abnormalities. Patient - likewise died of uncertain causes not clearly related to the 

expcrimcntal agent. 

Patient - was a 6 month old malt with chronic end stage renal discasc, microccphaly, 

pseudohcrmaphrodism and developmental delays consistent with the DRASH syndrome. 

Hc was rccciving peritoneal dialysis and had been cnrollcd on the EPOETIN study arm 

for 8 weeks at the time of his death. Other conditions he suffcrcd from included 

Wcnckebach phenomenon. hypcrtcnsion thought to bc volume related, cryptorchidism. 

hypospadias. and dcvclopmcntal delay. Hc had history of rcpcatcd fcvcrs with ncgativc 

cultures. Hc was admitted to the hospital whcrc hc died one day later with a tcmpcraturc 

of 40.8 C. Admission examination was non-contributory and the only laboratory 

abnormality was a shift to the IcfI of his white cells at the time of hospitalization. In the 

hospital the child became lethargic with a slow pulse and dial shortly a&ward; the 

cause of his death was uncertain but the possibility of overwhelming sepsis was 

niscd.Autopsy was consistent with end stage renal disease (small fibrotic kidneys) and 

showed bilateral pulmonary congestion and bilateral effusions. There was generalized 

lymphoid depletion, focal pancreatic hcmorrhagcs, a right perirenal hcmatoma and 

dcvclopmcntal delay. As dcscribcd earlier, hypospadias and cryptorchidism wcrc prcscnt. 

Patient - was a 2.5 year old male who had received approximately one year of 

Epoctin. Hc cxpircd two weeks after study EPO-9 I I8 closed and 2 days after his last dose 

of Epoctin. At time of terminal hospitalization he presented with respiratory distress. 

diarrhea and dehydration. .A”rcspintory culture” was positive for Aspergillus. During 

hospitalization his condition dcterioratcd. There was a suspicion of sepsis. Death 

oaxlrred 7 days a&r admission. The cause of his death was attributed to rcspintory 

failure with possible sepsis and judged by investigator not to be Epoctin related. 

3. WITHDRAWAL BECAUSE OF INTOLERABLE AE AND DROPOUTS: 

The only listed withdrawal bccausc of intolcnblc AE was in the CONTROL arm and occurred h&rc the 

patient rcccivcd Epoetin ( schcdulcd 10 start week 12). Dropouts arc rcvicwcd in section II. 2 CONDUCT 

OF THE STUDY.Thc discontinuation/dropout data do not suggest an undue number of dropouts due to 

drug cffcct during cithcr the double blind or maintcnancc phases. 
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4. SEVERE, LIFE THREATENING AND FATAL AE 

Thctiumber of subjects with severe. lift threatening and fatal events arc listed in the table below. The 

prcfcrrcd term for AE events was used. Multiple cvcnts occurred in subjects and as a conscqucnce the 

number of affcctcd patients and the number of type of events are often different. The most frcqucnt or 

rclcvant cvcnts arc listed undcr”all exposure” analysis. In the comparative analysis between EPOETIN and 

CONTROL arms at end of the double blind period there is no obvious discrepancy to suggest drug-induced 

AE. The “all exposure” analysis is evaluated in section 6 by comparison to published figures for incidence. 

~ SEVERE, LIFE Double blind 

THREATENING OR analysis 

FATAL EVENT EPOETIN 

I 
ARM (n-59) ARM (n=64) 

number cvcnts 9 

number subjects with event 9 4 

AE event 

Cardiac arrest I+’ 

Cardiac failure I+ 

Myalgia 2 

Sepsis I 

Azotcmia I 

- GI hemorrhage I 

Hypertensive enceph. I l 
Access complication I 

AE event 

Convulsions 

Fever 

Failure to thrive 

Granulocytopcnia 

Hvnncalcemia . -, r- 

AE event 

Hyperkalemia 

Hypertensive cnceph. 

Hypertension 

Ventricular arrhythmia 

Thr vast access/or 

access complication 

Convulsionslsiezurcs 

Sepsis 
Myalgia 
Pancrcatitis 

Figures show number of subjects with an event; parentheses show number of subjec 
Rcl column indicates whether cvcnt was judged by investigator as rclatcd to Epoctin (Y) or not rclatcd (F 

T_hr wsc access is thrombosis vascular access 

** indicates fataLAE while l indicates lift thrcatcning AE 

(Source was Ap$ndix 3-I H . and 3- I M. volume 42-see cnclosurc 3) 

ts. 

q). 
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5. AE BY PREFERRED TERM AND BODY SYSTEM: The only two prcferrcd terms which 

appezrc& more frequently in the EPOETIN when compared to the CONTROL arm was skin and appendages 

and myalgia ( see below). 

Skin and apoendages: Figures in table below shows the percent of patients with each type of skin 

condition. No skin AE was listed as scvcrc or life thrcatcning. Most are attributable to the subcutaneous 

injections. 

Mvalgia: The comparison of the subjects at the end of the double blind phase shows a significant 

differcncc in incidence of myalgia. A patient by patient review of the 16 rcportcd cases ( I2 were in 
EPOETIN arm and 4 in the CONTROL arm) concluded that the myalgia was of limited duration although 

data was missing for many sut+cts. Two of the I2 casts in the EPOETIN group were classified as of 

moderate scvcrity. There was no change in dose/disposition of the drug in any patient. Only one case of the 

I2 EPOETIN arm casts was considered by the Investigators as possibly related to Epoetin. The Prcfcrrcd 

term myalgia is broad nnging. At CBERs request the sponsor provided a list of verbatim terms from which 

prcfcrrcd term myalgia was interprctcd. The list included as enclosure 4 can be seen to cover a wide variety 

of medical situations. 

6. AE OF SPECIAL CONCERN: 

INCIDENCE EPOGEN ASSOCIATED AE IN EVENTS /PATIENT YEAR 

* all CXI 

# events/ 
(# subj.) yrs exposure 

121135.7 0.088 
41135.7 

f 7 (6) 7/l 35.7 0.05 1 #$& 
; . . . . . . . . 

Dtal 01 133.7 patlcnt years ot exposure 
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7. SERIOUS AE: The sponsor used the FDA definition of a serious cvcnt as any event which 

suggestsa significant hazard, contraindication. side effect or precaution and included any lift thrcatcning or 

fatal cvcnts. any event which requires or prolongs hospitalization, any event which causes pcrmancnt 

disability. any known or suspected overdose. a malignancy or congenital anomaly. Thcrc was no dctcctablc 

of a differcncc between the experimental (EPOETIN) and placebo (CONTROL) arms. 

FIGURES ARE IN KUMBERS OF PATIENTS WHO HAD EVENT 
Thr vast access is thrombosis of vascular access. 

(Sources -Attachment 3.4-9 in volume 2 and Appendix 3-l L in volume 42.) 

All data arc for the first 12 weeks of the study, that is the double blind phase. 

(I-CHANCES IN BLOOD PRESSURE ( Source- volume 2. attachment 3.4-10) Monitoring of blood 

prcssurc showed a trend to a small incrcmcnt in both systolic and diastolic blood press. CBER analysis 

showed no significant diffcrcnces.. Thcrc appcarcd to bc more blood pressure rise in HD than PD patients 

which could not bc confirmed by statistical analysis ( Wilcoxon p value = 0.047; t test p= 0.055) 
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9. R’EVi-EWER ANALYSIS OF SUBSET O-F CHILDREN < 2 YEARS OF AGE: 
(n= I I available casts-WC below) 

. Two sub@s could not bc cvaluatcd. One had a short period of study (4 weeks) complicated by 

infection: a scuond had insufficient data. 

. Of the rcmaininp 9 sub.jccts . 6 rcspondcd to Epoctin with rise in hcmatocrit; five of the 6 rcsponsivc 

patients had rcvicwcr-cvaluatcd “ good rcsponscs” dclincd as an incrcasc in hct of at lcast 4 ‘% and a 

rcsponsc within 2-4 weeks alter start of Epoctin; three patients did not respond. 

-I.. -w 
P ‘:. ‘-.A’ I. 

- 0.3 
E 

- 0.4 
!E 

- 0.4 
IE 

- 0.6 
f? 
- 0.8 
iP 
- I.1 
P 

1.4 
I’ 

E 
1.5 

-- 1.8 
:P 

-- 2.0 
tP 

9 

36 

36 

48 

49 

4 

24 

36 

26 

13 

?N none 

Y I2 O/b 

Y 9 O/b 

Y 8 % 

? -I 

* l 

N 4 

Y 5 % 

Y 3 % 

0 ,: hypertension : .access,:- 

complic, 

0 Cardiac arrcst- access 

death complic. 

0 hypcrtcnsion access ‘. 
infection 

wk6 ilCCC.SS _ . 
: ,.., . . . ‘. 

complic. .:.. :. ‘.:’ 
wk 3, sepsis : ilypocdk: 

5, 10 .:’ :.. 
* hypcrcalccmia - .,, 

l infection _ 

wk 24 infections . 

0 access complic - 

wk 14 hypcrcalccmia - 

+ l * 

Good response stortinp wk 

2- 4 
No rcsponsc 

Good rcsponsc starting wk 

2-4 
Good response starting wk 

2-4 
Good rcsponsc startmg wk 

24 
No rcsponsc 

* 

No rcsponsc 

Good rcsponsc starting wk 

2-4 

Rcsponsc starting wk 2-4 

* 

In column 2 P rcfcrs to ~‘ONTROI. arm suh~cc~s and I, IO EI’OETIN arm sutjccts 

In cc~lumn 4 tlosc wk rcfcrs to the nul~~bcrs of wcc’h~ on stud! 

( cblurnn L-IO all r&r to the douhlchllrld phase of the s~utl> 

In cc~lunm 5. 1’ tndlcatcs nttaln:ncnt 01 t;lrgct hc~ and N fallurc to obtain target hct 

~~I~Iu~w 6 1~s the Incrcasc 111 hcm;ItocrIt hct\\ccn hcg~nn~ng and cntl of Doutb;c Blind phase; TX rcfcrs to 

1’ ol‘transfuslons of blood but not to Ihc \olurnc translusctl. Volurnc infomiatlon is availahlc In study 

report 

C‘olumns 7 6: 8 list only major AE .c‘olunm Y IS the rcvlcwcrs judgrncnt on the hcmatocrit rcsponsc after 

cxamlrilng appendix F. I from Study Report of tiP0 YOO2. volun~ 26. which providctl patient by patient 

graphs ofhc~ is. tirnc with additlonal Al< and 7’5 data 

I Iypt~aic IS hypocalccmia: hypcrcalc IS hypcrcalccmla; complic is complications: TX is rctl cell transfusion 

l lnsufficlcnt absent data 
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10. REVIEWER ANALYSIS OF SUBSET OF PATIENTS WHO FAILED TO 
RESPOND TO EPOETIN 
Two-f-5S subjects in the EPOETIN arm and 7 of 50 sub.jccts in the CONTROL arm 7/5O patients failed to 

attain the target hcmatocrit by the end of the Epoctin titration phase. The table below shows that 

the cumulative % of successful patients “flattens out” by week 9-10 of Epoctin titration. If instead of 

attainment of target hcmatocrit ( incrcasc hct by 6 or > % or hct in 30-36 range) a lower incrcmcnt of 

hcmatocrit clcvation is set as the target. the data suggcst$‘that almost all children will respond to Epoctin. 

Data from EPOETIN arm only, which u crc provided by sponsor, (Source -volume 6. appendix B. I .4.) 

showed that all pediatric subjcctsraisc their hcmatocrit 4% ( 54154) and that 53154 raised their hcmatocrit 

by 5% by end of double blind phasc.Thc information suggests that thcrc is a varied rcsponsc to Epoctin. and 

that the non-rcspondcrs may rcr 
rcspondcrs or intcrcurrcnt cl 

jrcscnt only occasional truly unrcsponsivc children-and more often slow 

cat situations. 

Week of Epoch Cumulative “% of 

titraziou patients who attain 

target hcmatocrit 

( n= 10.5) 

1 20.0 

z 30.5 

3 41.9 

4 s7. I 
5 hh.7 

6 7h.2 

7 7x.1 

8 Xi.9 

9 x5.7 

IO X9.5 

11 00.5 

12 Y I .4 (n=Y)h) 

II POST-MARKETING EXPERIENCE FOR PEDIATRIC CRF PATIENTS ON 
DIAI.1’SIS ( Source is volurnc 42. appcnd~x 3-5). 

Dcxxptlon: Forty-tight reports of post-marhctlng AL wcrc provided by sponsor. Patients rnnpcd from 0.5 

ICY IX years; 354X wcrc C‘RI: children on dialysis and the rcmaindcr had other diagnoses. Reports WCIC 

collcctctl from h.‘IIX9 to I l/30:95 (table hclou). Thrombocythcmia is noted twice one of which was after 

Hugh doses wcrc given. Thcrc is an AE rrport (IND 4XXS:amcndmcnt 049 rcccivcd 512197) of 

Ihrombocytosls of X02.000 platclcts/mm3 In a 52 year old who rcccivcd X weeks of Epoctin. A possible 

drug rcactton tn cyclosporlnc IS llstcd In three GISCS. Summary of’ litcraturc rcvicw provided in section 3.5 

131Icd to thsclosc any AE not included III Intcgratcd Safety Report of climal trials. 
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Published literature on use of Enoetin Afa in Dediatric CRF oatients on dialvsis 

. Sixty-one articles in English published between 1989 and 1995 were obtained by a sponsor using a 

computer litcraturc starch. Search terms were eryhropoiefin andpediatric dia!vsis and databases wcrc 

Mcdlinc from 1966. Embasc from 1974. Biosis Previews from I970 and Science Citation lndcx from 

1987. Sixty one reports were citcdcontaining 864 subjects. The same patient could have been in more 

than one study. Both original articles and abstracts were includcd.Foreign language articles and 

reviews were cxciudcd. Articles on erythropoietin beta were excluded. Articles which failed to address 

the indications in this application were cxcludcd. Articles on studies sponsored by AMGEN and already 

in FDA files were cxcludcd. (Source: Volume 3. section 3.5 & volume 42, appendix 3.6 A abstracts) 
. CBER litcraturc starch using comparabic starch terms and citation sources produced 2 I9 citations 

using the same starch tcms, name& eryhropoierin andpediarric dia(vsk. The diffcrcnccs bctwccn the 

sponsor and CBER starch was as follows; No articles wcrc cxcludcd from CBER starch for lack of 

rclcvancc; CBER starch included a small number of foreign publications: Epoctin beta articles wcrc not 

cxcludcd; rcvicw articles wcrc not cxcludcd. In addition CBER starch included litcraturc up to the 

current time which was approximately 12 months later than the sponsor’s scarch.Thc sponsor was 

asked to provide further details on those litcraturc rcfcrcnccs they excluded in order to rcconcilc the 

findings. In an additional submission to the application ( log number L97005974) the following 

information was provided on cited rcfcrcnccs cxcludcd from the 6 I rcfercnccs used to support liccnsurc: 
. 67 wcrc irrclcvant to the proposed indication of incrcascd hcmatocrit and lcsscncd 

transfusions in CRF patients on dialysis 
. 39 wcrc in a foreign language 
. I2 wcrc rcvicw articles 
. I2 involved Epoctin beta 
. IO were duplications of data 
. _T rclcvant articles wcrc omitted. These wcrc provided and rcviewcd and , similar to the 

submitted data, support the use of Epoctin and provide some limited safety data. 
. IO other miscellaneous articles arc listed including some which were already sent to FDA as 

AMGEN sponsored studies. 

The sponsor’s starch includes 2 I I articlec’abstracts and , considering the diffcrcnces, was judged to bc 

companblc to the CBER litcraturc starch. 

Summarv of 20 uublished studies urovided bv suonsor from literature review for dose 

and hcmatocrit resnonse : Results arc summarized for 20 articles in the table below (source- table 

3.5. I. volume 3) sclcctcd for availability of outcome data. Starting pediatric doses ranged from 50-300 

Units’kgIpcr week administcrcd once. BIW or TIW. Time to hematocrit rcsponsc was difficult to analyze 

bccausc of wide diffcrcnccs in cxpcrimcntal design and bccausc of failure to distinguish bctwccn time to 

minimum and maximum response and time to attainment of target Icvel. hll reports noted a rcsponsc to 

Epoctin ( incrcascd hcmatocrit and/or dccrcascd need for transfusions). Data on children who failed to 

respond wcrc very limited (see reports in table below from Aufricht. Campos, Gagnadoux, Holloway); 

howcvcr the results available wcrc consistent with the 9 I % rcsponsc figure at I2 weeks rcportcd in EPO- 

900’. 

Da*.1 wcrc rcvicwcd for AE rcaltcd to Epoctin ( see last column of tabic bclow).Thc most common 

complications wcrc incrcascd blood prcssurc. which in some casts rcquircd trcatmcnt and the need for iron 

thcmpy. One paper indicated that PD patients had” bcttcr” rcsponscs tn Epoctin. A numhcr of reports 

Xlcatcd improvcmcnt in cxcrcisc tolcnncc and QOL. Dabbcgh and Flcischman, I99 I. rcportcd a 

significant incr&%c in vascular access thrombosis from 0.08 to 0. I5 per patient per month. 
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Transfusions: There were 14 published parers (153 subjects). All of the reports showed improvcmcnt 

in number of blood transfusions required. 

Oualitv of Life (OOL): Twenty two published papers ( 361 subjects) reported improved quality of 

life or a measurement related to quality of life (Source is Volume 3, table 3.5.2). In IO/2 I published 

papers positive cffccts included improved cxcrcise tolerance, improved aerobic work capacity and effort 

8 

34 

26 

9 

5 

28 

6 

IO 

34 

5 

IO 

I4 

2 

14 

7 

HD and PD 

PD 

PD 

PD 

HD 

HD 

PD and HD 

PD and HD 

HD 

PD 

HD 

PD 

PD 

PD 

PD 

HD 

PDand HD 

HD and HD 

PD 

PD 

Hypcrt. = hypcrtcnsion or hypcttcnsivc cpisodc: wk = week: HD= hcmodialysis: PD = pcritoncal dialysis. 
When available a nngc of times of rcsponsc arc given. Altcmativcly the landmark time at which a rcsponsc 

success was judged to bc prcscnt was provided. 

5. Jron deficiencv and su pulementation : The litcraturc rcvicw included I3 papers (130 

patients ) in which iron dcficicncy or need for supplcmcntation was rcferrcd to. Ten/l 3 papers 

providtithc specific number of patients (source- table 3.5.4 , see Enclosure I ). The papers 

cmphasizc the need to bc aware of and lo monitor iron status and provide oral iron when dcficicncy 

occurs in children. 



-=- 6: Gerieral c0trclirsinn.s: The data prosidrd from the literature scarclr support 

efficacy for cnrrcctinrr of arrcmia atid rcductinrr of tranqf~rsinn reqif iremcnts. 

U’itlr respect tn safer.,- the cited litcraturc appears tn irrvnlw similar problems 

to those cttcountcrcd in adults, in particular elevatimrt of blood prcssrrrc and 

uccd .fnr monitoring for irnrr deficiency. 

R. Other published literature on the USC of Epoetin alfa in pediatric CRF patients 

not on dialysis, zidovudine-treated HIV-infected pediatric patients and pediatric cancer 

patients on chemotherapv (Source: Vnlumc 3. scctior, 3.6 volume 3. section 9.0 rcl’crcnccs) 

LITERATURE* NUMBER LOCATION 
STUDIES IN VOLUME 3 
( # suhjccts) ‘. 

Pharmockinctic data on use of Epoctin alfa in children 6 TABLE 3.6.1 
(74) 

Use af Epoctin alti in pre-dialysis pediatric CRF patients 17 
(133) 

TAEKE 3.6.2 

Use of Epoetin alfa in HIV infected pediatric patients with 3 TABLE 3.4.3 
anemia after Ziduvidine treatment (24) 
USC of Epoctin alfa in pediatric patients with anemia a&r 7 TABLE 3.6.4 
rocciving chemotherapy (82) 
Total # references 4: 

* I.licraturc scarchcs wcrc l’ronl IV&I- IYY5 ;md uacd clthcr Mcdl~nc alone or with l~mhasc and L3iosls 

C. I.itcraiurc on USC Epoctin alfa in children Hith CRF not on dialysis: ‘l’hc 133 study 

patients in the I7 articles rangcti in age from one montii to 20 years and wcrc trcatcd for up to two ~CilI%. 

I)OSC ran@ born 50-200 UnNkg per week H lth moht tioscs hctwccn SO- I SO Unitslkgipcr week. In those 

reports * hich lidlowcti hcniatocril rcsponsc anti tr;inslilslon rcquircmcnts patients rcsponsc lima varicti 

liorn 4 to I2 uccks.Thc mqor Al, notal wcrc hgpcrtcnslon ( 5 nrticlcs). Transient thrombocytosis . ;IIKI llu- 

Iihc sytlronic wcrc also mcnt~oncd. 

I). I.itrraturc on usr C:portin alfa in ItI\’ infection children wilh anemia sccondar! to 

%idovudinr.I‘lw 3) study pat~cnt~ III 3 art~clcs. one 01‘ \\IIIL+ IS an abstract. ranpcti in age lion1 X tno~~tl~s 

to I7 ycxh. (hi!y I5 ol‘thc 3) clultlrcn u’crc clc;lrly rccci\ ing Zitlo~~udlnc ; 

hlucllcr. ct al- 1!1ght pat~cnt~ wcrc ~tud~cd ;III :I\ crap of’3 1.5 weeks. 7/X had cndogmous 

c~thropocitin Icvcls hcl~~~r 500 UIIII~ UIIIIC one child hatl a high value of*3430 units. Most ol’~hc 

pticnts rccci\d > 4200 nip ucch ol /dab ud~nc.l:poct~n tlosc \xicd from I50 to 400 

Urnts’kg,pcr wrck. In rc\‘lcwsng the report 3 or possibly 4 of patients hatI ;t clear rcsponsc of 

nicrcascd hgh. l‘hc author sto~cd that thc USC 01‘ Lpoc~~n pcnnlttcti the children to hc rnaintaincd :lt 

tlic current high dose ot‘miovudinc The nulhor rcportcd that Epoctin was well tolcratcd : wry 
hrnitcil Ali data uas prcscntcd 

Rohlns. ct ai. - FIVC pt~cnts wcrc stuti~cd li)r X weeks. Doses wcrc I50 tJnits/kp/wcck. 

I~ndogcnous lirythropoictln Icvcls and %du\~trdlnc dose wcrc not provided. It was rcportcd that 

both nxxn hcmogiohln and rctlcultxqtc counts lncrcascd ;IS comprcti to controls. 

%UCWI. cl al.-Eln cn patlcnt> u Ith a mean age of4 years . IO months. wcrc given both <i-CSF and 

I:poctin &I IN bnlts:hpwcck gl\cn I I W ‘ISIW for li)ur &nths. Thcrc was no data provided on 

cntlogcnous Erythropoictn~ lcwls md zlduvudlnc dose. The author rcportcd an incrcasc in 

hcmylohin and dccrcasc In transfusions. 
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E. Literature on use Epoetin alfa in children with anemia associated with 

chemotherapy. In adults Epoctin is approved for use in non-mycloid tumors.ln the scvcn studies on 64 

children bctwccn 0.5 and I8 years of age doses between 50 and 400 UniWkg/pcr week wcrc used. All of the 

reports noted increases in hcmoglotjn ind hematocrit. No AE were reported. 

A. All .- .sponsorcd clinical trials were searched to identify pediatric patients (ages 0- I6 years) 

trcatcd with Epoctin alfa for anemia associated with CRF, HIV, infection and cancer. 2 I pediatric 

patients wcrc idcntificd of whom 2 were trcatcd for anemia of cancer, one for anemia associated with 

tidovudinc treatment of HIV infection, I8 for anemia associated with CRF-dialysis. No pre-dialysis 

patients were found. ( see CIOMS I forms- provided in Appendix 3.6C in volume 44.) 

B. -- worldwide AE postmarketing surveillance data base was scarchcd for reports of children 

trcatcd with Epoctin alfa under pre-dialysis , HIV or cancer indications.Thcre were for six reports all for 

children under prc-dialysis. Three reports indicated children with hypcrtcnsion with 2/3 having siczurcs. 

two children had skin reactions and the sixth had a fever. There were two reports of serious AE in children 

with cancer ( gastrointestinal hemorrhage. scpticcmia and shock ; massive biiatcral pncumonitis in the 

other). No reports were found in children with zidovudine related anemia. 

C. AE reports for children trcatcd for indications not approved in U.S. are found in appendix 3.6C in 

volume 44. 

D. See Ill section I I. 
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VI. CONCISE SUMMARY OF REVIEWER’S REPORT 

AND CRITICAL COMMENTS 

PLA 97-0006 is a supplementary PLA to extend the current licensure of Epoetin alfa to 
the pediatric age group. The pediatric indications would include correction of anemia and 

reduction of transfusion requirements in: i) children with CRF on either peritoneal or 

hemodialysis: ii) children with CRF not on dialysis; iii) children receiving 
chemotherapy and iv) children receiving Zidovudine for HIV infection. The expanded 
license is supported by 4 Amgen-sponsored studies of 128 total patients from 0.2 to 19 
years of age and by a literature review and by post-marketing reports. It would meet 
the requirements of revised Pediatric Rule (12113194) CFR201.57,f,(9), (iii) for 
CRF patients on dialysis and CFR201.57,5,(9)(iv)for indications ii, iii, and iv. 

The major efficacy data which support the correction of anemia and decreased 
transfusions. and safety during initial theraoeutic titration with EDoetin (12 week 

period) are found in study EPO-9002 (n= 113). A subset of patients (n=74) who 

completed EPO-9002 were enrolled into study EPO-9118 of maintenance theraDy with 

Epoetin alla. Two small pilot studies, EPO-8702(n=lO )and EPO 8905 (n=5), provide 
additional data. 

7. EFFICACY 
Study EPO-9002 adequately supports efficacy, that is the ability of 
Epoetin to increase hematocrit/hemoglobin and decrease or eliminate 
transfusions in anemic children- for the cited indications. There were 
three critical. prospectively- declared primary endpoints in the CRF study. They were: 
(1) Comparative advantage of treated ( referred to as EPOETIN arm ) vs. piacebo arm ( 
referred to as CONTROL arm) patients in attaining “target “ hematocrit during the 
double bknd phase ( first 12 weeks of study in both arms). ‘Target” hematocrit was 
defined as reaching a hematocrit of 30% or > or an increase in hematocrit of 6% or 
greater above baselrne. (2) Comparatrve advantage of Epoetin treated vs. placebo arm 
patrents as demonstrated by a s/gnif/cantty higher mean hematocrit at end of double blind 
phase. (3) Comparative advantage of Epoetin treated vs. placebo arm patients in 
decreased number of transfusions /patient/four weeks. 

Study EPO-9002 had two arms to which patients were relatively equally and randomly 
allocated The study was double blinded and placebo controlled in the first 12 weeks. The 
double blind phase permitted direct statistical comparison (for efficacy) of 55 Epoetin 
treated to 58 placebo-treated children After week12 the CONTROL arm patients were 
started on a 12 week Epoetin titration course while the EPOETIN arm patients were 
placed on a maiatenance, dose-adjusted schedule for 24 weeks. At week 24 the CONTROL 
arm finished Epoetin titration and started a course of 24 weeks of maintenance therapy. 
The non-concomitant research design (after week 12) facilitated collection of drug 
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activity and drug exposure data from all 113 patients both during titration and 
maintenance phases. In addition, it permitted confirmation of treatment effect by 
anticfpafing and testing for similar responses to Epoetin endpoints (although at different 
timepoints)in both arms. These latter comparisons were made after both arms received 
Epoetin titration doses ( EPOETIN arm week l-12, CONTROL arm week 12-24) and 
maintenance doses ( EPOETfN arm week 12-36, CONTROL arm week 24-48). 

Attainment of “target “ hematocrit was the most central of the primary endpoints, since 
it was used to determine sample size prospectively. One 
positive event (either rise of hematocrit to > 30% or 6% or > increase over baseline) at 
any time during the double blind period was scored as a success without confirmation. 
The result was that a success” could be and was triggered by random laboratory 
fluctuations in hematocrit values or by transfusions of blood. This proved a problem as 
evidenced by the incongruous finding that 58% of CONTROL arm patients attained the 
“target “ hematocrit without treatment and despite the finding that the mean hematocrit 
of the CONTROL arm was unchanged after 72 weeks. Note the sponsor’s protocol had 
prospectively hypothesized that 10% of the CONTROL arm would reach the “target ” 

hematocrit. Nevertheless the difference between the Epoetin treated and the placebo- 
treated children after 72 weeks was still highly significant (EPOETIN arm 96% vs. 
CONTROL arm 58%, p=O.OOl). 

More direct and convincing evidence for a treatment effect in these children is present in 
the-change of mean hematocrit of +I 1.5% hematocrit units in the EPOETtN arm vs. +0.9 
% in the CONTROL arm and in the decrease in mean number of transfusions /per 
patienW 4 weeks of 0.23 in the EPOETIN arm vs. 0.12 in the CONTROL arm by the end 
double blind study phase. Statistical comparisons were significant for both endpoints. 

Other findings and trends further support activity of Epoetin in children. There is a 
concomitant rise in hemafocrit, in attainment of various target hematocrit/hemog/obin 
values by individual subjects, in the decrease in the amount of RBC transfusions, in 
transfusion independence in the Epoetin-treated vs. untreated subjects. Epoetin exposed 
subjects show a consistent and steady increase in hematocrit when individual patient 
results of time vs. hematocrit data are plotted; un!reated children do not. An identical 
pattern of rise of hematocrit and decrease m transfusions is seen in the CONTROL 
subjects after delayed (non-concomitant research design) exposure to similar doses of 
Epoetin. 

Initial doses of 750 Units/kg/week given TIW either subcutaneously (PD patients) or 
intravenously (HD patients) and a schedule for decreases but no increases in dose during 
the double blind phase ( weeks 7-72) of study, and adjustments during the maintenance 
phase, appeared to provide satisfactory dosing information for labeling: The mean 
maintenance doses at end of study were 119, and 137 Units/kg/per week for EPOETIN 
and CONTROL arms respectively. The differences were not significant. PD and HD 
subsets show marked differences in maintenance dose ( see discussion below). 

2 SAFETY 

The safety profile of the studied children was by and large similar to 
observed to-date in adults treated with Epoetin alfa- with few exceptions. 
Integrated analyses of drug-exposed patients applied two analytic approaches. Subjects 

that 



in the treatment and placebo arm of studies EPO-9002 (n=173) and EPO-8905(n=lO) 

were co pared for AEs during the 12 week double blind phase [double blind analysis] . 

Dat$ + q&so collected gn all pat ien& for the entire Deriod of drua exDosure (n= 119); 

there were 135.7 cumulative patient -years of drug exposure (all exposure analysis). 

Most data was expressed as % of affected subjects classified by AE Preferred 

Term/Body System and for events in Severe, Life Threatening, and Fatal , and Serious 

categories. AE which were of special concern because of a possible relationship to 

Epoetin therapy in adults (hypertension, convulsions, vascular access complications 

, thrombotic events) were examined separately. 

The double blind analysis comparison reported a higher incidence of myalgia (Preferred 

Term) and Skin and Appendage AE ( Body System); the data were myalgla 20.3 and 6.3 % 

, and skin and appendages 23.7 and 9.4% incidence in treated and placebo arm subjects 

respectively. The skin and appendage AE were related to local reactions to injection of 

Epoetin The myalgia was limited in duration and severity and rarely required 

treatment. Hypertension and convulsions and vascular access complications had a trend 

to higher values in the Epoetin treated comparative group; the differences were not 

significant and were consistent with adult studies which suggest that the above AE are 

low incidence events which could be related to Epoetin use but for which a clear 

etioiogic or dose relationship and information on vulnerable populations is limited. 

Only one death occurred during the trial in the EPOETIN arm and it did not appear related 

to the study drug. The one withdrawal from study due to intolerable AE was in the 

CONTROL am7. 

3. The data indicate that the effect of Epoerin treatment may be different 
in PD as opposed to HD children-with CRF. Results show that PD patients 

respond faster to similar doses of Epoetin during the initial titration of patients Into 

the target range. In addition PD patients require a lower maintenance dose of Epoetin / 

PD patients 97 Units/kg/week; HD 145 Units/kg/week). On the other hand the dose of 

Epoetin needed to attain the target hematocrit and the eventual height of hematocrit 

attained is not clearly different between HD and PD children . 

The direct data show 

substantial differences ( see Reviewer Rebort. Ila, section 5; CBER Statistical Report 

on time to event analysis comparing HD and PD groups: Sponsor’s data in SOE). In 

addition there is indirect /inferential support for the PD-HD differences. Perusal of 

rate of response of individual patient plots of time vs. hematocrit shows discernible 

differences between PD and HD children. The rate of RBC transfusions/patient during the 

double blrnd phase was lower in PD patients (In EPOETIN arm 3.0 HD vs. 0 PD; in 

CONTROL arm 4.7 HD vs. 2.8 PD). The difference observed in maintenance dose of 

Epoetin In study EPO-9002 ( an Epoetln titration phase of 12 weeks followed by 24 

week maintenance phase) was even more marked in study EPO-9118 which followed 

these same pat!Pqts on further maintenance Epoetin for an average of 36.9 more weeks. 

If the PD- HD difference in maintenance dose reflected a lack of equilibrium of one 

mode of dialysis subset on maintenance therapy. it should diminish with time. There is 

at least one literature report of PD-HD difference ( Mueller-Weifel. D.E. eta/ 

.Contrib. Nephrol. 1988.66:71-84). 

. . . . . 
A CBER 
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analysis which used a “‘confirmed” 6% increase in hematocrit and a time to event 
analysis found the same favorable response to Epoetin as did the sponsor using the 
prospecfively defined “ attainment of target hct’. 

Explanations for the PD-HD differences encountered range from the possibility that PD 
children receiving SC Epoetin and HD children receiving IV Epoetin represent different 
stages of disease or disease populations or that the pharmacokinetics of SC and IV 
administration of Epoetin are different . Explanations on a cellularlevel would involve 
Eryfhropoeitin receptors or cell sensitivity to the agent. 

4. The higher incidence of myalgia in Epoetin treated children is of unclear origin. The 
majority of clinical reports describe short term muscle cramps. There is a 
disproportionately higher number of HD than PD patients. -- 

5. There is very little information on children under 2 years of age and more critically 
under 6 months treated with Epoetin. The summary of the 11 children c 2 years in part 
III, section 9, suggests that even young children do respond to Epoetin. 
Furtherinformation on Epoetin treatment of premature children is being obtained and 
may provide reassurance. 

6. If is difficult to determine with any exactitude how many children fail to respond to 
Epoetin since there is wide latitude in the dose needed and time to response, a number of 
clinical states are reported to transiently interfere with response, and transfusion was 
permitted at discretion of the investigator during the study making rate determinations 
difficult. ( see part 111. section 10). II is concluded that most children respond to 
Epoetin and that the pediatric data are consistent with 95% responder rate referred to 
for adult populations. 

7. The indications for other than CRF children on dialysis are supported by literature 
reviews. These reports suggest that Epoetin has a similar effect/activity to that seen in 
CRF children on dialysis m raisrng the hematocrit/hemoglobin and decreasing 
transfusion requrrements . 

1. IT IS RECOMMENDED THAT EPOETIN ALFA LICENSURE BE EXTENDED TO PEDIATRIC 
USE FOR THE CITED INDICATIONS. 

2. THE CHANGES IN LABELING SHOULD NOTE THE DIFFERENCES IN PD VS. HD 
RESPONSIVINAND THE LIMITED DATA AVAIlABLE ON VERY YOUNG CHILDREN. 

3. FOR OTHER THAN CRF CHILDREN ON DIAL YSIS THE LIMITATIONS PROVIDED FOR IN 
THE PACKAGE INSERT BASED ON ADUL T DATA SHOULD BE MAINTAINED. 

Kn’kh Weiss, M.D.. Director 

Division Clinical Trial C’linlc;ll 

Design and analysis 


